In the present study, we investigated neuronal responses to acoustic stimuli and cortical stimulation in the medial geniculate body (MGB) through in vivo intracellular recordings in anaesthetized guinea pigs. Of the 54 neurones examined with acoustic stimuli, 36 showed excitatory postsynaptic potential (EPSP) responses and 19 showed inhibitory postsynaptic potential (IPSP) responses to acoustic stimuli. Of the 36 EPSP neurones examined with corticofugal modulation, 29 received corticofugal depolarization, 3 corticofugal inhibition, and 4 showed no effect. Of the 19 IPSP neurones, 17 received corticofugal inhibition and 2 were not affected. The mean amplitude of the EPSPs evoked by acoustic stimuli was similar to that evoked by the electrical cortical stimulation (9.19 ± 5.55 mV versus 9.22 ± 5.16 mV). There was a significant correlation between the parameters of the EPSPs evoked by an acoustic stimulus and those evoked by cortical stimulation. The mean amplitude of the IPSP evoked by electrical cortical stimulation was significantly greater than that evoked by acoustic stimuli (11.6 ± 3.8 mV versus 9.1 ± 3.7 ms, P < 0.05). Seven auditory EPSP and 7 IPSP neurones were examined with corticofugal modulation and labelled with Neurobiotin. Of the 7 EPSP neurones, 5 showed excitatory responses to cortical stimulation and 2 demonstrated no effects. Four of the 5 neurones that received corticofugal depolarization were located in the lemniscal MGB and 1 in the non-lemniscal MGB; of the remaining 2, 1 was located in the lemniscal and the other in the non-lemniscal MGB. Of the 7 IPSP neurones, 1 received an excitatory corticofugal input followed by an inhibitory input and 4 received only an inhibitory corticofugal input, while the remainder demonstrated no corticofugal effects. All 7 neurones were located in the non-lemniscal MGB. The result that both ascending and descending inputs caused similarly shaped EPSPs reflects a neuronal endogenous characteristic irrespective of the physical locations of the synapses. The IPSP responses to both acoustic stimuli and electrical cortical stimulation are likely to be caused by feedback from the thalamic reticular nucleus. above response patterns were anatomically labelled and localized. The EPSP neurones are located in both the lemniscal and non-lemniscal MGB, and the IPSP neurones are located only in the non-lemniscal MGB. By injecting an electrical current, we were able to manipulate the membrane potential and examine the dependence of the EPSP and IPSP on the resting membrane potential. The responses of low-threshold calcium spikes (LTS)/LTS bursts to acoustic stimuli were elicited from both EPSP and IPSP neurones when their membrane potential was hyperpolarized to below −74 mV. Given that non-lemniscal neurones are multisensory and involved in adjusting the C The Physiological Society 2004
In the accompanying paper (Yu et al. 2004b) , we investigated the auditory responses of medial geniculate neurones through in vivo intracellular recordings in anaesthetized guinea pigs. We categorized the neurones to the following types based on the response patterns to acoustic stimuli: the excitatory postsynaptic potential (EPSP) type, the pure inhibitory postsynaptic potential (IPSP) type, and to an IPSP preceded by an EPSP (EPSP-IPSP) type. Some of the neurones showing the Y. Xiong and Y.-Q. Yu contributed equally to this work. above response patterns were anatomically labelled and localized. The EPSP neurones are located in both the lemniscal and non-lemniscal MGB, and the IPSP neurones are located only in the non-lemniscal MGB. By injecting an electrical current, we were able to manipulate the membrane potential and examine the dependence of the EPSP and IPSP on the resting membrane potential. The responses of low-threshold calcium spikes (LTS)/LTS bursts to acoustic stimuli were elicited from both EPSP and IPSP neurones when their membrane potential was hyperpolarized to below −74 mV. Given that non-lemniscal neurones are multisensory and involved in adjusting the global activity of the auditory cortex, we proposed that selective inhibition in the non-lemniscal MGB enables the ascending pathway to maintain the auditory cortex in a condition for receiving subsequent auditory information (Yu et al. 2004b) .
The reciprocal projection from the cortex to the MGB is much stronger than the ascending thalamocortical projection (Andersen et al. 1980; Winer & Larue, 1987) . It has been suggested that this corticofugal projection provides a gating or gain-control mechanism in the transmission of information from the periphery to the cortex through the corticofugal facilitatory and/or inhibitory modulation of the thalamic relay neurones, either directly via stimulated neurones or indirectly via a polysynaptic path (Watanabe et al. 1966; Ryugo & Weinberger, 1976; Deschênes & Hu, 1990; Villa et al. 1991; He, 1997 He, , 2003a Suga et al. 1997; Zhou & Jen, 2000; He et al. 2002; Yu et al. 2004a) . It is also well known that the corticofugal system has a powerful modulating effect on thalamic oscillation (Golshani & Jones, 1999; Blumenfeld & McCormick, 2000; Steriade, 2000 Steriade, , 2001b He, 2003b) .
Recently, we observed a mostly inhibitory effect on the 'on' responses of non-lemniscal MGB neurones following cortical activation (He, 2003a; Yu et al. 2004a) . We proposed that the strong corticofugal inhibition is created via the cotico-reticulo-thalamic pathway (Golshani et al. 2001; He, 2003a) . In the accompanying paper, we found that the IPSP-type neurones were mainly located in the non-lemniscal MGB. The question that arises here is whether there is any correlation between the neuronal response patterns to acoustic stimuli and the corticofugal modulation.
In the present intracellular study in anaesthetized guinea pigs, we investigated the responses of MGB neurones to acoustic stimuli and cortical stimulation. The circuitry was analysed with respect to the membrane responses of MGB neurones to acoustic stimuli, spontaneous spikes, and electrical stimulation of the auditory cortex.
Methods

Animal preparation for the intracellular recordings
Thirty-seven guinea pigs were used for the present intracellular recording study. A large proportion of the experimental animals were the same as those used in the accompanying paper (Yu et al. 2004b) . The procedures involved in the preparation of the animals, acoustic stimulus, and anatomical confirmation were the same as those described in the accompanying paper. Anaesthesia was initially induced with pentobarbital sodium (Nembutal; Abott; 35 mg kg −1 ; i.p.) and maintained by supplemental doses of the same anaesthetic (∼5-10 mg kg −1 h −1 ) during the surgical preparation and recording. They were killed by overdose of anaesthetic after the experiment. All of the procedures were approved by the Animal Subjects Ethics Sub-Committee of The Hong Kong Polytechnic University.
Electrical stimulation
We performed several mapping studies of the auditory cortex prior to the present study and found that the site of stimulation only made a quantitative difference in the corticofugal modulation of thalamic neurones in the guinea pig He, 2003a) . In the present study, we omitted the mapping procedure to save time for conducting the intracellular recordings. An electrode array consisting of three parallel electrodes was implanted into the auditory cortex (the anterior and dorsocaudal auditory fields; Redies et al. 1989; He et al. 2002) . We used electrical current pulse trains (0.1 ms or 0.2 ms in width, 50 Hz or 200 Hz in frequency, and 5-20 pulses) to activate the auditory cortex (Edeline et al. 1994; He, 1997; He et al. 2002) . The number of pulses was examined as a parameter in the present study. Electrical currents of 50-200 µA were applied to the auditory cortex, ipsilaterally to the recording thalamus, through either a mono-or bipolar low impedance electrode array. Following a delay of 100 ms after the end of the cortical stimulation, a sound stimulus was delivered to the contralateral ear of the recording thalamus (He, 1997 (He, , 2003a .
Data acquisition and analysis
A negative membrane potential was recorded when the glass recording pipette penetrated the membrane of a cell. After amplification, the membrane potential with an artefact of electrical stimulation, as well as the auditory stimulus, was stored in the computer with the aid of commercial software (AxoScope, Axon). In the present study, the amplitude, rise time, decay time, and duration of the EPSPs and the IPSPs were measured. The beginning and end of an EPSP and IPSP were defined at a threshold of 10% of their amplitude. The rise time was defined as the period between 10% and 90% of their amplitude, and the decay time was defined as the period between 90% and 10% of their amplitude. To standardize the excitatory and inhibitory effect across the neurones, measurements were made of the neuronal responses when the membrane potential was as close to −60 mV as possible. No manipulations of membrane potentials were made on the data presented here.
The level of the direct current of the recording electrode was frequently checked and set to zero during the experiments. The level of the direct current after a recording was used to compensate for the membrane potential of some neurones, especially for those with a long recording time. Numerical results are expressed as means ± standard deviation (s.d.). Student's paired t test was used to examine the differences in the shapes of the postsynaptic potentials (EPSP and IPSP) between those evoked by acoustic stimuli and those by electrical stimulation of the auditory cortex. The confidence level was taken as 95% (P < 0.05).
Results
The present results were sampled from 54 neurones in 37 animals. Of the 54 neurones examined with acoustic stimuli, 36 showed EPSPs to an acoustic stimulus and 19 showed IPSPs to an acoustic stimulus as defined in the accompanying paper (Yu et al. 2004b An MGB neurone received corticofugal depolarization in its membrane potential A, the MGB neurone responded to an acoustic stimulus with a spike and EPSP. B, the membrane potential was depolarized by cortical stimulation. Scale bars apply to both A and B. C, the neurone showed a frequency preference. Five trials of responses to pure-tone stimuli at 60 dB sound pressure level are shown at each of the following frequencies: 1, 4, 6 and 14 kHz.
Corticofugal depolarization of auditory EPSP neurones
Three neurones in Fig. 1 showed an EPSP and a spike or spike burst in response to an acoustic stimulus, and were depolarized when the auditory cortex was electrically stimulated with a pulse or a train of pulses. The corticofugal depolarization on the neurone in Fig. 1A was 11 mV and that on the neurone in Fig. 1B was 18 mV.
The neurone in Fig. 2 showed an auditory response similar to those in Fig. 1A with an EPSP and a spike. With cortical stimulation, this neurone received a depolarization in its membrane potential ( Fig. 2A) . This neurone showed a low-frequency preference of between 1 and 4 kHz in its response to pure-tone stimuli (Fig. 2C ).
Corticofugal inhibition of auditory IPSP neurones
Most auditory IPSP neurones were hyperpolarized when the auditory cortex was activated with an electrical pulse J Physiol 560.1 train. Three examples are shown in Fig. 3 . The neurone in Fig. 3A had a resting membrane potential of −62 mV and responded to an acoustic stimulus with an IPSP of −6 mV; the neurone in Fig. 3B had a resting membrane potential of −65 mV and responded with an IPSP of −14 mV; the neurone in Fig. 3C had a resting membrane potential of −56 mV and responded with an IPSP of −18 mV.
It is interesting to note that the IPSPs caused by the cortical stimulation were similar to those evoked by acoustic stimuli for each neurone. The neurone in 
Shapes of EPSPs and IPSPs evoked by acoustic stimuli and electrical cortical stimulation
As shown in Figs 1 and 3, the shapes of the EPSP and IPSP evoked by acoustic stimuli were similar to those evoked by the electrical cortical stimulation. In the present study, we examined their shapes in terms of amplitude, rise time, decay time, and duration. Twenty-nine neurones that showed EPSP responses to both acoustic stimuli and electrical stimulation of the auditory cortex were used for statistical analysis (Fig. 4A) . The mean amplitude and mean decay time of the EPSPs evoked by acoustic stimuli were similar to those evoked by electrical cortical stimulation (9.19 ± 5.55 mV versus 9.22 ± 5.16 mV; 83.7 ± 46.5 ms versus 88.8 ± 47.0 ms). The mean rise time and duration of the EPSP evoked by electrical stimulation of the auditory cortex, however, were significantly greater than those evoked by acoustic stimuli (14.6 ± 10.2 ms versus 21.6 ± 13.8 ms, P < 0.01; 128.0 ± 85.5 ms versus 165.0 ± 72.8 ms, P < 0.05). There was a significant correlation between the parameters evoked by acoustic stimuli and those evoked by cortical stimulation (correlation coefficients: amplitude, 0.64, P < 0.001; rise time, 0.59, P < 0.001; decay time, 0.59, P < 0.001; duration, 0.45, P < 0.05). Since 20 pulses were used in the present study, the duration of the pulse train could sustain the excitatory potential evoked by the electrical stimulation of the auditory cortex and, hence, prolong the duration of the EPSP.
The mean amplitude of the IPSP that was evoked by electrical stimulation of the auditory cortex was significantly greater than that evoked by acoustic stimuli (11.6 ± 3.8 mV versus 9.1 ± 3.7 ms, P < 0.05, n = 17, Fig. 4B ). No significant difference was detected between the rise time and decay time of the two conditions. The mean duration of the IPSPs that were evoked by cortical stimulation was greater than that evoked by acoustic stimuli (232.4 ± 127.2 ms versus 174.0 ± 55.7 ms, P = 0.07).
Locations of the recorded neurones
Of 14 neurones that were labelled in the present study, 7 showed EPSP responses to acoustic stimuli and 7 showed IPSP responses to acoustic stimuli. Of the 7 EPSP neurones, 5 showed EPSP responses to the cortical stimulation, while the remainder showed no effect. The 5 neurones that demonstrated EPSP responses to cortical stimulation were located in the ventral nucleus (MGv) of the MGB. Of the remaining 2 that showed no corticofugal effects, 1 was located in the MGv and the other in the non-lemniscal MGB.
Of the 7 IPSP neurones, 1 received an excitatory corticofugal input followed by an inhibitory input, 4 received only an inhibitory corticofugal input, and 2 received no corticofugal effects. All 7 neurones were located in the non-lemniscal MGB. Figure 5 shows the anatomical locations of six MGB neurones, which exhibited EPSP and IPSP responses to acoustic stimuli and to electrical stimulation of the auditory cortex. The neurones in Fig. 5A -C responded to acoustic stimuli and cortical stimulation with a depolarization of their membrane potential. The neurones exhibited variety in their shapes. Since the number of labelled neurones was still small, no further analysis of their morphology was conducted in the present study. Two of the neurones (Fig. 5A and B) were located in the ventral nucleus, the lemniscal MGB, while the third (Fig. 5C ) was located in the shell nucleus (MGs) of the MGB.
The neurones in Fig. 5D -F responded to electrical cortical stimulation with hyperpolarization of their membrane potential. Of these, two neurones ( Fig. 5D and  F) showed an IPSP response to acoustic stimuli. The neurone in Fig. 5E showed no response to acoustic stimuli. All of these neurones had a larger soma size than the neurones that showed EPSP responses to acoustic stimuli and cortical stimulation as illustrated in Fig. 5A -C. The neurone in Fig. 5D was located in the posterior nucleus of the thalamus, where neurones respond to auditory stimuli. The neurone in Fig. 5E was located in the MGs. This neurone did not respond to the noise-burst stimulus. The neurone in Fig. 5F showed an IPSP to the acoustic stimulus and to the cortical stimulation. The neurone was located in the caudomedial nucleus of the MGB. In summary, all of the neurones in Fig. 5D -F were located in the non-lemniscal MGB. Figure 6 shows the auditory responses, spontaneous responses, and responses to cortical stimulation of an auditory thalamic neurone. The neurone responded to the acoustic stimulus with an IPSP (Fig. 6A) . This neurone showed an IPSP after each spontaneous spike (Fig. 6B ) and responded to a pulse train of cortical stimulation with the same shape of IPSP as that found after a spontaneous spike (Fig. 6C) .
IPSP neurones
The neurone in Fig. 7 responded to the acoustic stimulus with a burst of spikes that was followed by a prolonged IPSP (Fig. 7A) . The neurone showed spontaneous firings, which consisted of a single spike and a burst of two spikes with an interval of about 10 ms inbetween (Fig. 7B ).
Again, a prolonged IPSP immediately followed the burst of spikes. Interestingly, the neurone showed the same response of a spike burst and an IPSP to the cortical stimulation (Fig. 7C) as to the acoustic stimulus. The responses to acoustic stimuli were, however, different at different times after the neurone's spontaneous firing. This neurone responded with (a) a burst of two spikes to the acoustic stimulus when the acoustic stimulus was presented well after the spontaneous firing, (b) one spike to the same acoustic stimulus when the acoustic stimulus came at about 80 ms after the spontaneous firings, and (c) an EPSP only when the acoustic stimulus came at about 20 ms after the spontaneous firings (Fig. 7D) .
Effect of the number of pulses in the electrical stimulation
The neurone in Fig. 8 showed a strong IPSP of > 10 mV to the acoustic stimulus. A brief EPSP was detected before the IPSP (Fig. 8A) . The neurone responded to the cortical stimulation with a strong IPSP of > 10 mV (Fig. 8B ). An EPSP was detected between the first and second electrical Comparisons were made between the means of the A-Evoked and E-Cx-Evoked IPSPs using Student's paired t test. * P < 0.05; * * P < 0.01. pulses. The duration of the IPSP evoked by the cortical stimulation of 5 pulses was greater than that evoked by the acoustic stimulus. However, the IPSP evoked by the cortical stimulation was shortened when the number of electrical pulses was reduced from five to one, as shown in Fig. 8C . This neurone was located in the non-lemniscal MGB at the caudomedial nucleus (Fig. 8D) . For some neurones, the number of pulses in the electrical stimulation made no difference to corticofugal modulation, as seen in the example shown in Fig. 1A . The neurone showed an EPSP to the acoustic stimulus, and responded to the electrical stimulation of one pulse with a spike(s) and an EPSP. The EPSP evoked by a cortical stimulation of 20 pulses was similar to that evoked by one pulse.
The corticofugal hyperpolarization of the membrane potential induced a low-threshold calcium spike response to an acoustic stimulus Figure 9 illustrates a representative example of bursting auditory response 'conditioned' by a train of cortical stimulation. In this neurone, which had a resting membrane potential of −62 mV, cortical stimulation induced a large membrane hyperpolarization (> 15 mV). The acoustic stimulation delivered during the returning phase of the IPSP subsequently evoked an LTS burst. With a further gradual decrease in the amplitude of the IPSP, i.e. to 200-300 ms after the cortical stimulation, the neurone returned to single-spike mode of spontaneous firing, suggesting that cortically induced IPSPs may play a critical role in inducing a burst auditory response.
Discussion
Corticofugal depolarization on auditory-EPSP neurones
Most auditory-EPSP neurones receive an excitatory input from the cortex. Previous extracellular studies have indicated that cortical stimulation has a facilitatory effect on the functionally matched sites in the thalamus and in the inferior colliculus (IC), especially in their principle nuclei (He, 1997; Gao & Suga, 1998; Zhou & Jen, 2000; He et al. 2002) . Corticofugal modulation has a very broad facilitatory effect on the thalamus of the guinea pig, especially on the lemniscal MGB Yu et al. 2004a) . Five of the seven auditory-EPSP neurones magnifications for the sections after they were counterstained with neutral red. Recorded neurones injected with Neurobiotin were labelled in dark brown after the DAB reaction, as shown in the centre panels. The neurones in the middle panels of (A-C and E) were photographed before they were further processed with neutral red staining, as shown in the right panels. The subdivisions of the MGB were parcelled based on the neural architectures of neutral red staining. v, Ventral nucleus; s, shell nucleus; cm, caudomedial nucleus; rm, rostromedial nucleus of the MGB. Scale bars: centre panels, 100 µm; right panels, 1000 µm.
were located in the lemniscal MGB. Cortical stimulation depolarized the membrane potential of five neurones, while the remaining neurones showed no effect. The present study once again supports the finding that corticofugal modulation has a mainly facilitatory effect on the lemniscal MGB and that a modulation from any site of the auditory cortex has a wide coverage of the lemniscal MGB.
In the present study, we found that the shapes of the EPSPs caused by the acoustic stimulus and cortical stimulation were similar (Figs 1, 2, 4 and 5) . Previous studies showed that about half of the synapses on a thalamic relay neurone are RS terminals (small profiles with rounded vesicles, as defined by Guillery, 1969 and Ralston et al. 1988 ) (Jones & Powell, 1969a,b; Liu et al. 1995a) . The majority of RS terminals appear to be derived from corticothalamic fibres (Jones & Powell, 1969a) . The RS terminals have their main contact on the distal dendrites, while the ascending afferent terminals (RL types) end mainly on the proximal and intermediate dendrites (Liu et al. 1995b; Bartlett et al. 2000) . We believe that the EPSPs evoked by acoustic stimuli were caused by the ascending afferent terminals, i.e. the RL terminals; and those evoked by cortical stimulation were caused by the descending corticothalamic terminals, i.e. the RS terminals.
The present report is the first to quantitatively examine both EPSPs evoked by acoustic stimuli and those evoked by electrical cortical stimulation. Surprisingly, both the amplitudes and durations of the two EPSPs were found to be similar. Based on the above discussion, the present results suggest that the shape and persistence of the EPSP depend on the intrinsic characteristics of the neurone, not on the physical location of the synapses on the neurone.
Auditory IPSP neurones receive corticofugal inhibition
Most of the neurones that showed IPSPs to acoustic stimuli were hyperpolarized by cortical stimulation. None of them showed a pure excitatory effect from corticofugal modulation. The absence of direct cortical excitation is puzzling, as anatomical studies have demonstrated a robust and direct glutamatergic innervation from layer 5 and 6 cortical neurones to the dorsal division of the MGB (MGd) (Ojima, 1994; Bajo et al. 1995; Winer et al. 1999) . It is possible that a large proportion of the EPSPs are masked by the strong IPSPs as shown in the ventrolateral thalamus (Deschênes & Hu, 1990) . Further experiments are required to address this issue. When comparing the shapes of the IPSPs evoked by acoustic stimuli and by electrical stimulation of the auditory cortex, it is apparent that they show similar rise and decay times, but that the IPSPs evoked by cortical stimulation have a significantly greater mean duration than those evoked by acoustic stimuli. The longer duration of the IPSPs evoked by the electrical stimulation was partly caused by the multiple pulses (Fig. 8C) . In a recent extracellular study, He (2003a) observed a mostly inhibitory effect on the 'on' responses of non-lemniscal MGB neurones following cortical activation. In some extreme cases, the 'on' response was switched off by the cortical stimulation. The corticofugal inhibition was widespread (He, 2003a) . The strong corticofugal inhibition was thought to have been created via the cortico-reticulo-thalamic pathway (Golshani et al. 2001; He, 2003a; Yu et al. 2004a) . In a thalamocortical slice preparation, MGd neurones responded to thalamic radiation stimulation with a long-duration IPSP of over 200 ms, suggesting that the stimulation activated the thalamic reticular nucleus (TRN) fibres, which in turn inhibited the MGB neurones through GABA B receptors (Bartlett & Smith, 1999) . The following links can now be made: auditory-IPSP neurones are located in the non-lemniscal MGB (Yu et al. 2004b; Fig. 5) ; neurones in the non-lemniscal MGB receive corticofugal inhibition (He, 2003a; Yu et al. 2004a) ; and auditory-IPSP neurones receive corticofugal inhibition (present results).
An interesting result found in the present study was that the IPSPs caused by both auditory stimuli and cortical stimulation had a similar waveform. This result implies that the two inhibitions were possibly from the same source, the TRN. In other words, some of the acoustically evoked IPSPs that were observed in the present study might be caused by the recurrent inhibition from the TRN. An acoustic stimulus evokes spikes in lemniscal MGB neurones with a short latency of < 10 ms (He, 2002) . The lemniscal MGB neurones innervate neurones in the auditory cortex and GABAergic neurones in the TRN. The TRN neurones, in turn, inhibit the non-lemniscal MGB, causing a strong IPSP with a longer latency, as observed in the present study. The neurones that responded to acoustic stimuli with an EPSP or spikes before an IPSP (Fig. 7A , and the accompanying paper, Yu et al. 2004b ) might receive an excitatory input from the ascending pathway before the TRN inhibition.
The TRN receives inputs from both the thalamus and the cortex (Jones, 1975) . Recent physiological results indicate that the TRN terminals have a very strong inhibitory effect on the thalamic relay neurones (Bartlett et al. 2000; Golshani et al. 2001) . We observed that (a) an auditory stimulus evoked an IPSP (Fig. 6A) , (b) a spontaneous spike was always followed by an IPSP with a short time delay of about 7 ms (Fig. 6B) , and (c) cortical stimulation resulted in a similar shape of IPSP (Fig. 6C) . The spontaneous spike of this neurone would activate the TRN neurone(s), which in turn would inhibit a group of thalamic neurones, including the neurone in Fig. 6 . The fact that similar IPSPs can be evoked by an auditory stimulus, a spontaneous spike, and cortical stimulation further supports the view that the TRN is the source of the inhibition.
Corticofugal inhibition causes low-threshold calcium spikes
Electrical activation of the auditory cortex caused a hyperpolarization of the membrane potential for Figure 9 . Neuronal responses to a combination of electrical stimulation and an auditory stimulus The resting membrane potential was −62 mV and the scale bars apply to both traces. J Physiol 560.1 most non-lemniscal MGB neurones. After the corticofugal hyperpolarization, thalamic neurones responded to subsequent acoustic stimulus with an LTS burst (Fig. 9) . To our knowledge, this is the first time that such a mechanism of the natural auditory burst response has been shown in the thalamus.
Although the functional implications of the LTS bursts are still debatable (Swadlow & Gusev, 2001; Sherman, 2001; Steriade, 2001a,b) , our results suggest that corticofugal inhibition could have two opposite effects on thalamic neurones, depending on their resting membrane potentials. While the corticofugal inhibition suppressed the neuronal responses when the membrane potential was > −74 mV, it evoked LTS spikes/bursts when the membrane potential was < −74 mV. These results are consistent with the finding in a recent report by Mooney et al. (2004) , that neuromodulatory inputs may lead to different patterns of synaptic output depending upon the level of their resting membrane potential.
Concluding remarks
The corticofugal modulation of MGB neurones that showed EPSP responses to acoustic stimuli could be both facilitatory and inhibitory, although the majority of such neurones exhibited a facilitatory effect. The majority of the neurones that showed an EPSP both to acoustic stimuli and to the electrical stimulation of the auditory cortex are located in the lemniscal MGB. These two types of EPSP have a similar shape in terms of amplitude, rise time, decay time, and duration, implying that the shape of the EPSP depends on the intrinsic properties of the cell membrane, not on the physical location of the synapses.
The neurones that showed an IPSP or an IPSP preceded by an EPSP/spike(s) exhibited an IPSP to electrical stimulation of the auditory cortex and were located in the non-lemniscal MGB. Some of these neurones showed a similar shape of IPSP after a spontaneous spike. This evidence supports the notion in the accompanying paper that the IPSPs are caused by the TRN feedback inhibition to the thalamus (Yu et al. 2004b) . A spontaneous spike of MGB neurone(s) might trigger the 'big guardian' , i.e. the TRN neurone(s), in generating action potentials. This, in turn, will inhibit a group of non-lemniscal MGB neurones, resulting in IPSPs.
